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^'Mmmm t D (tOJ9 nf^^m^(0 to <Di^^3.8%mX'^^tz.m^m 512 t'y h SRAM (D/Vfj; 3 58 uW 
T-fco/c. t£j5UfiJ512 t'y h SRAMO/> ST fi l.04uWT\ t/tJtS^CQ 29.1%tCI$'> Lfc. SRAM <^T 

-fc *P*|HJtt 286 p V£&M SRAM <D7^ ir *P5ffl(283 p ®)\Zit^ MiXit 1 .06% t t>-T^X'tb o /c. 

#-!7-K: CMOS, IJiL'^M. t^l/yi'aA'hm SRAM, AO^EISS, ffilMtti . 



Dynamically Controllable DC Level Converter (DCLC) Technique 
to Reduce Power Dissipation, and Application 
to High-Speed, Low-Power Circuits 

Yoshinori Oka, Hiroaki Shikano, Tomochika Harada and Tadayoshi Enomoto 

Graduate School of Science and Engineering, Chuo University 
1-13-27 Kasuga, Bunkyo-ku, Tokyo 112-8551, Japan 

Abstract New Dynamically Controllable DC voltage Level Converter (DCLC) technique has been developed for 
use m high-speed, low-power circuits. The level converter can increase the DC voltage which is supplied to an 
active-load circuit on request, or supply a minimal DC voltage to a load circuit in the stand-by mode so that 
sub-ihreshold currents can be reduced. Ripple carry adders (RCAs) and SRAMs were designed using 0.13-um CMOS 
lechnology to examine the effectiveness of DCLCs in power reduction. SPICE simulation results showed that the power 
dissipation P ST at the stand-by mode for an 8-bit RCA at a clock frequency of 100 MHz with on-chip DCLCs was 4.03 
nW. a reduction to 4.54% of that of an equivalent 8-bit RCA. The active power /> AT of the 8-bit RCA with on-chip 
DCLCs was 63.9 uW. a reduction to 65.6% of that of the conventional 8-bit RCA, while the output signal delay was 
0.79 nsec that was only 3.8% longer than that of the conventional 8-bit RCA. P ST of a 512-bit SRAM with on-chip 
DCLCs was 1.04 uW, 29.1% of the value for an equivalent conventional SRAM, with the read-access time of 286 pscc 
only 1 .06% longer than that (283 pscc) of a conventional 5 1 2-bit SRAM. 

key words: CMOS, level converter, sub-threshold currents, SRAM, ripple carry adder, power dissipation 
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0.0245 


0.0256 
(104.49%) 


0.0258 
(105.31%) 




4.S:Cc * 4 7* DCLC SriSffl Lfc 512 t* y h- 
SRAM <D*J- y^?X. 

tife5f5Jf^ <D io-T 1 .06%ii L "C h Z> . L V , P ST 
li^Ttf^nLT 1.04 mW tte-otz. miite^ 
fl^O 29.1%T**>5. Jt 4.1 JC^-rii <9 , * U ir 
;l-g|5G0 /»st 1*186*^36* 2.86 (JW T*fc£. d^fd 
*tLT&&fl2fi 103 nW m&B<D 3.6%)k'h£ 
W ^oTs ^U2@SS^t> DCLC SffiSriSffli" 

El 4.5 li?a?£ Pst O 8"J If tiD LTV^ 

0.6-nm 512 t* y h CMOS SRAMOf y^f ST 
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r 








OR 



DCLC 



^^^^^^^^^^^^^^^^^^ =lpS - 



1.5 i 
1.0 

OS 

0 - 
IS 




5.1:Cc ^-T^DCLC frM Lfc 8 \f y V 

m nkm ± if m % @ gg <n m&. 







8fy h 


I6f y h 


32 tfy b 


















DODC 






14.4 




28.8 




56.6 








0.6 




0.6 




0.6 




0.76 


0.79 
(103.89b) 


1.60 


1.64 
(102.5%) 


3.28 


3.32 
(101.2%) 


hiW] 

(<t>=100 MHz) 


97.4 


63.9 
(65.6%) 


194.9 


127.8 
(65.6%) 


389.8 


255.7 
(65.6%) 


IV] 


VD 


1.50 


1.19 


1.50 


1.18 


1.50 


1.17 


vs 


0 


0.35 


0 


0.34 


0 


0.34 


fnWj 


DC/DC 




4.03 




8.04 




16.04 


RCA 


88.7 


(4.54%) 


177.3 


(4.53%) 


354.7 


(4.52%) 


t5fS (|im l J 


5627.5 


5811.4 
(103.3%) 


11285.4 


11607.3 
(102.9%) 


22601.3 


23222.1 
(102.7%) 



0. 13-um CMOS &ffiZm**->X DCLC£ilfl? L 

fc ft & n m & ffi ± if m * m sg (rca> tt h u \c 

MM RCA iSrUtf+LTt. El 5.1 \C Cc $ 4 ~? DCLC 
Ltz 8 t'y h- RCA fc^f. i:f 

Atb^j u-^^^^t DCLC ^jgffl-T^ - tic J; 
^ 'tif««$iH»S2j(/> ST )0>$ e>fc3te«#|g;Jv 
5. HI 5.2 (Cft&ff^ 8 t'y h RCA (T>m 

itfoB&TF-f. (a)« DCLC m^m,JE. (b) fi y 
p ,^^. (c) I* RCA (DA?J$iB(iLlb± 

&B&t'y h RCAO&^TriS 9 JgJSB#FBlJi0.76 
nfyT-fcS. 8 t';/ h RCA <DtL^>T^ *) 

Mm n# Bfj <i 0.79 n#"C> 2KB IC it ^ % 3.8% 



£.1.0 

M o.s 



0 
IS 

i.o- 

0.5 





r : 








\ / "" 




• \ i : 




"5 a^rb"RCA ~ - { ■ 


0.76 ntp "\\ 




: U 


i i i 







(a) 



<b) 



(c) 



0.2 iiSVdiv 

HI S.2: 8 If s/ h^Zfc«f_htf An^lHlSSO 
ii^DLTV^S. (21 5.2 (c)Ul^-r J; 9 |c N ^«H# 

o&j^.rca oai^iSmfifi DCLC <omt}^ 
^fcj;*) RCA tff&WiZtlZk. mt>mu.tiLt± 

feteft} 8 t'y h RCA(FA8 /» ST fi 88.7 

nW -Cfoofc. 8 t'y f- RCA (FA 8 

«fc U ; DCLC)<£> /> sx 4.03 nW t? % 'femV<r> 1/20 

w?(4.54%)icig('> L£. — ^ □ ^ $ mi&m. 

100 MHz»i^ V£&B 8 tfy |- RCA(FA8 fS^-) 
Oilj^B#^^m^KP A T)« 97.4 ,iW X'Sb o 7t efe 
8 t' y h RCA(FA8 <®^4o «t O? DCLC) CO P AT 

»i 63.9 M w -e, &mm<D 65.6%jcj^/>ufc. 

l± DCLC J-.J: 9Kii*ijlE'bte«S4x5^e>T*fo 

^t^f^ 16, 32 fc*y h RCA ^ g£ ft L T ?^ 5!$ 712 
16, 32 t'y h RCA t it^L Lfe. 5.1 

^i". efe^^ 8 t'y h rca t iziimmteeScWtf 

MOSFET (DWmit^m^ y-ZfXl"y~> B 

#^<01ty' 100 nm-CMOS Icit^ T* # S J; 
9. > • V — x^mjE(K <Jl ) < i:^5/ ^ y — 

m/I U-^yUSg ^^(Dynamically Controllable DC 
voltage Level Converter; DCLC) $£fl*r3rf$fg Lfc 
V J$ ^mj^m/E(K OD )i^ L< L, V BG «rA»»t*^ 

«t f9 »DIBL(Drain Induced Barrier Lowering)^^:, 
BGB(Back Gate Bias)$b£lC <t f , /„ tfm'p- L, 
^st «r^:*S{C{g;j^T-# 5. $ <b IC, Kiim^/^SiJ 

m z tt 5 o t% sdj n$ m » m ^» (p AT ) $r t> i& m v 

7 ,J ^> SRAM p< y -feyU-^WiSffl t> SJtt'fco 
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181. x 18b J**® £8 

1Kb SKAM 

32b ULCA 
32b CXA - 
16b KCA 




16 64 256 IK 4K 
m 6.1:#«P*}H**;& vs -< W<-*&. 
££oT x SRAM, Aili^U- 

V* ^ y" , ✓ * -Y J7° y -f > U V= y" , # £ >- y\ * 

CO Pst Sr^tef^teSi-r 5 d <t 5. fc*s % 

DCLC CO aS-fA ^j- - s< — ^ y K 14 & 515 CO MTCMOS 
fitflf 3fe-C, VTCMOS £&W4 9 /h £ < -T 5 ~ £ tf* 

DCLC W^^J «r 5ft 8S. -f -5 /c tb , DCLC & M 

m LfcflfeajK sram is .tu f efcfii7f2ii#c«T_hif ^ 

^Ie]S-§(RCA)^gS:l|- • f*flsL7c. 512 fy 

SRAM CO P ST 14 3.58 uW T*£> o 7c . 5 12 t* y h 
3fc&JS£ SRAM CO P ST (t 1.04 uW 'i£$kJfr<r> 1/3 
W T(29i 1 %){C L 7c . 5 1 2 t' y h & & & SRAM 
CO T ? ir * Pol f4 286 p & "C , « * ff2 SRAM CO 
T y ir * 1^1(283 p&^Cjfc^ iift{4 1.06%<t 
^-r*»-Cfoo7t. %5tE'j^ 8 fy h RCA CO P sr f4 
88.7 nW T'fcofc. &&^8 t' y h RCA CO /> ST 
<4 4.03 nW T% ?£jfc7F2cO 1/20 W T(4.54%)fc jgc'> 
L/c. Sfc x 8 t'y h RCA CO P AT {4 97.4 

NWtfoofc. #C & JI2 8 tT y h RCA CO /> AT (4 63.9 
uW T', V£&}& 8 fc*y |> RCA CO P AT (97.4 uW)CO 
65.6%{C?$/> L/c. cjr&flg8 f y h RCA CO y y 
-7- -f ^^^•^iSMU^ffJSJfi 0.79 n fit3l57F2eO 
;b"f /->> 3.8%J^T'fco /c. 

SRAM W^]i22lH]SS, RCA COAtU^J U- 
*y-~t> DCLC tJE^Srii/fJ L, K/j;-5iS:^^ffi 

Ji^m^^b. p sr . p sr mwt&t mils mm t <d 

tete £*:(Dffim$: ftztctbiz^ ^^[HlJfSco /> ST 
tCc^-f yo) DCLC * iiSffl L jfc [Hi % co p sx £ [g| 
6.1 {Ctts-T. (aUCS^im^r^-J-^aiy— h$c<t LT, 
c: "C (4 fjij <fc L T x -f y-$fc n £ffl^T 

© . tz._hX I4\ 480 V © 32 t* y 

V 2aHff±lfjfe^jnUEEI»(BCLA)0»^, ft* 
JI?co /> ST flftHt£ f4S ;: F/h£ tbfzA*. m I M W T* 
miCx-J LT, DCLC Srjgffl-J-^ £ x p ST 

fj^o.i nwt, i/io tzmimzi\,x\,^z. 116.1 

^ 160 y- hT«$H5 16 h RCA. 



240 y- b <?> 32 t'y htfTiilf^^AD^EISg 
(CLA), 3K y— hCO 18 fy hXlg fc's/ 
WM'iiSt, IK t'y h SRAM(16bX4wX 16w)t.^i-. 
l^-f 4xcO|Ui£ DCLC ^iiffl-TS t , /'srrt^ 

i/io fcfim$ix5 z t tfifrfrz. ^-m. m&\m 

Ijv-is?^ is*/ y 7 << ,k ^^mt^lEl 
JS^fciSffl LT^< . LAc DCLC ftUf 

m^%<0-^y 100 nm- CMOSn#n(c*f^T'# -5 

Mtr^ SPICE m<T> 0.13-pm-MOSFET 't'r/U^^ 
* -9 Z W < m tft L T T ^ o NEC co GB'tS#ffi 
tC ^ 4 «3 iSHS L * i-. * /c , |ft Of ^ /c 
*ffl2MJFMtf>BB«ra«:lca£MtS[ Lit. S fc , 
r»tm L/c^ y 7°<4m^^^^^m»ffi->^7- A 
^gt^WSJF^E-b — iSrii L, a — At*5t^?± 
i5 4 l>'* H fin WJtt ^ co tft ^> T'fr /c t> 
cot-*>5. 
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